From each test system, samples for chemical analytics (100ml) were taken twice per exposure period, directly after adding nonylphenol to the aquaria and prior to the termination of exposure. Samples were stored at -18°C until analysis. Before Solid Phase Extraction (SPE) 100 mL of NP treated and control water was filtered through 0.45 μm membrane filters.
30% in 3 min and then to 100% in 18 min. The system was set back to initial conditions within 8 min. The column was re-equilibrated for 2 min before the next injection. The sample injection volume was set at 10 μL.
Acquisition and quantitative analysis was performed in selected ion monitoring (SIM) mode using external standard calibration. Calibration curves were generated from 2.5 ng μL-1 to 80 ng μL-1 and fits (R2) > 0.995 were obtained. The internal standards were used for process control of the sample preconcentration.
Purpose
The purpose of the model was the analysis and prediction of population dynamics of Daphnia magna that are exposed to a combination of chemical and natural stressors. As natural stressors we considered limited food conditions and predation by the backswimmer Notonecta maculata. As a chemical stressor p353-nonylphenol was used.
State variables and scales
The model was organized in three hierarchical levels that were represented by three corresponding objects in the model, i.e. ecosystem, population and individual. The highest level was the ecosystem including environmental properties like ecosystem volume and food dynamics (addition of food, food concentration and water exchange). In its current state, the model was restricted to an ambient temperature of 20°C and environments scales up to a few liters. In accordance with laboratory conditions, the light regime (light:dark) was set at 16:8 hours.
The second object, the population, counts abundances, thus, had a book keeping function in the model. The model included two population objects -the Daphnia population and the Notonecta population. Each population hosted a number of individuals that were modeled by (parts) of their life cycles. The processes that were included in the model and the level of detail considered in each of processes differed between the two species (see sub-model section).
State variabels of individual Daphnia and Notonecta are given in Table 1 . Individual daphnids were characterized by their body length, their actual filtration rates, the time spent on juvenile development and spent live time. Individual reproduction was calculated on the base of the size of broods and the embryo development time. State variables of notonectids such as body length, the instar as well as the content in foregut and gut compartments determined individual feeding rates. The growth of backswimmers was determined by a constant rate whereas reproduction and mortality is not included in the model. At birth respective at start of the simulation, each individual was given a random set of state variables drawn from a normal distribution with the mean of 1 and the coefficient of variation derived from laboratory data in order to account for the variation as observed in laboratory experiments. A more detailed overview on state variables and processes is given in the submodel section below.
Interaction between Daphnia individuals and their environment was feeding. No direct interactions between individual daphnids were considered in the model, but they indirectly competed for food and sensed population density that affect individual growth, reproduction and survival, an effect referred to as crowding. Interaction between Notonecta and Daphnia was predation. Therefore, Notonecta specimens sensed properties of Daphnia individuals (i.e. body size and bulkiness) that entered the predators encounter distance (see submodel section).
Like in Daphnia there was no interaction between individual Notonecta included in the model. Competition between Notonecta specimens did not have any consequences as food was considered not limiting individual growth in the model scenarios chosen.
In addition to death by natural causes, we simulated the lethal effect of p-353 nonylphenol on D. magna. Other effects of the chemical e.g. on growth and reproduction were not considered.
We moreover assumed that backswimmers were not affected by the chemical.
To simulate the toxic effect of p-353 nonylphenol on D. magna we implemented the general unified threshold model of survival (GUTS) 3 with scaled damage as dose metrics and individual tolerance as an assumption for the toxicodynamics. The internal concentrations of nonylphenol in individual daphnids were calculated via a size dependent single order kinetic 4 .
On the basis of the internal concentration, a scaled damage that is proportional to survival probability was computed subsequently.
Process overview and scheduling
The model proceeded in discrete time steps as follows. Daphnia growth, reproduction and survival were calculated on a daily base, whereas feeding was calculated in hourly steps.
Notonecta processes were computed per hour; within each hour, times (e.g. handling time) and internal processing of food was computed based on seconds.
Within a single day processes were executed in the following order. Algae concentration in the environment was calculated per hour based on experimental food scenario and Daphnia filtration in preceding time step. Thereafter, feeding of individual Daphnia and Notonecta was calculated. In Daphnia, hourly feeding rates were summed up to compute the daily food intake of Daphnia individuals. Notonecta foraging was modeled along a general predation cycle divided into four stages: (1) A prey item was randomly chosen and the time until an encounter was calculated. The probability of (2) attack and (3) capture success was calculated for the prey item selected. In case of capture success handling time was calculated (4) and daphnids that were killed by predators were removed from the population every hour.
Each day Daphnia density was calculated and individual daphnids undergo life-cycle processes that were expressed as functions of ingested food and population density. Like in Daphnia, backswimmers grew on a daily base. Finally newborn daphnids were added to the population and specimens that died for reasons others than predation were removed from the population at the end of the day. In addition, for each daphnid individual, internal nonylphenol concentrations, scaled damage and survival probability were calculated using an Euler integration. At the end of the day animals died if the calculated survival probability was lower than a random number given to the individual at birth. Observations. In the model, the total abundance of daphnids was recorded each day. In addition, Daphnia specimens were graded into three size classes and abundance within classes were noted in order to observe the size structure of populations over time. Size classes were used as follows: neonates (≤1.3 mm), juveniles (<1.3 & ≤ 2.6 mm) and adults (> 2.6 mm). In Monte-Carlo simulations the arithmetic mean, minimum and maximum were computed for the total abundance as well as for class abundances.
Design concepts

Initialization
Model initialization was done in accordance to the experimental design to be simulated. This included the volume of the test vessel, food conditions, the composition of the Daphnia population at simulation start as well as the introduction of the notonectid predator and the chemical stressor. Desmodesmus subspicatus was used as a food source for D. magna. Algal concentrations as given in total organic carbon were recalculated to cells/ml assuming that D.
subspicatus has an carbon content of 1.95×10 −8 mg Carbon per cell on average and an average fresh weight of 5.88×10 −8 mg per cell. Algal food was added to the environment in the beginning of each day according to experimental conditions. Within the initial Daphnia population, body lengths (mean ± standard deviation) of neonates and adults were set to to 0.9±0.2mm and 4.1±0.2mm, respectively. Analogous to the experimental setup, initial adults were considered as egg bearing at different developmental rates, two with new eggs (embryo development = 0.256 d −1 ), two at an embryo development of 0.512 d −1 , and one at nearly finished embryo development (0.768 d −1 ). In order to model notonectid predation two different scenarios were considered, i.e. growing animals and constant predator size. In growth simulations predators were placed into the systems directly after hatching. Thereafter Notonecta juveniles grew from first to fifth instar. Constant predator scenarios were run to examine the impact of certain predator sizes on Daphnia populations. Therefore, first and fifth instar backswimmers were used at a body weight (mean ± standard deviation) of 0.29±0.044 mg and 16.1±4.64 mg respectively.
Timing and concentration of the 2-day nonylphenol exposure was computed in accordance with experimental conditions and scenarios as described above.
Submodels
In the following section, submodels are described that were used for computing individual life history processes and interactions, separated by species. Model equations as well as variability coefficients used in modeling individuals are given in Table 2 , while model parameters are listed in Table 3 and Table 4 . Reasoning for and verification of submodels are published elsewhere 5, 6, 7, 8 .
Daphnia submodels
Feeding. The filtration rate (FR) was calculated as a function of a maximum filtration rate that in turn depends on body length. Filtration rate was constant below the incipient limiting level (ILL) at the maximum filtration rate and decreases with increasing food concentration above the ILL, thus, led to a constant ingestion rate at higher food concentrations. Stochasticity in filtration rate was included by assigning a random number drawn from a normal distribution (with the mean of one and standard deviation of 0.231) to individual daphnids and multiplying the random number by actual filtration rate. and shape factor (w_sf) were considered as functions of food availability. In order to account for crowding, the time factor was additionally computed as a function of volume available per daphnid (vol) if spent juvenile development was below 0.65 d −1 . Each day, the age at death (ad) was computed for each individual daphnid, based on the expected lifetime (elt) that is randomly chosen from a uniform distribution between 0 and 1 and was assigned at birth. The Body growth. Per capita somatic growth was described by means of the von Bertalanffy growth equation. Both ultimate length and growth rate thereby did depend on the amount of ingested food. To account for variability, the growth rate was multiplied by a random number assigned at birth (normal distribution, mean=1, standard deviation= 0.057).
Brood size and offspring body length. At maturation, eggs were released into the daphnid's brood chamber. The number of eggs thereby did depend on previously ingested food. Since ingestion rate did depend on Daphnia body length brood size also indirectly did depend on mother size. In order to account for the effect of crowding the brood size as calculated based on the actual food condition was multiplied by a crowding factor between 0 and 1, depending on the environmental volume available per daphnid. Stochasticity was included by multiplying the calculated brood size by a random number drawn from a normal distribution (mean=1, standard deviation=0.2). In the model, offspring body length is determined by the brood number of an individual daphnid. Mean offspring body lengths were 0.81, 0.89, 0.94, and 0.97 mm for the first, second, third, and further broods, respectively. In the presence of Notonecta kairomones, modeled from 3 rd backswimmer instar, brood size and offspring body length are multiplied by a factor of 1.4 and 0.94 respectively, as derived from data published by 9 . Variation in embryo development rate was accounted for by multiplying the embryo development rate with a random number (normal distribution, mean=1, standard deviation= 0.174).
Toxicity of p-353 Nonlyphenol. To simulate toxicokinetic and toxicodynamic of p-353
Nonlyphenol, we employed the GUTS framework 3 . Toxicokinetics were simulated using a first order kinetic, whereby the uptake and elimination rate were dependent on the actual length of the daphnid 10 . Based on the internal concentration (C i ) a scaled damage (D * ) was calculated. An individual daphnid died if the scaled damage reached an individual threshold that was drawn from a log-logistic distribution.
Notonecta submodels
Body growth. As in daphnids, per capita somatic growth was described by means of the von Bertalanffy growth equation. Both ultimate length and growth rate were assumed to be constant. Backswimmers moulted into next larval instars when reaching a certain instar specific length (N L_moult ).
Encounter. An encounter referred to the occurrence of a prey item within the predators' encounter radius. The time spent on waiting until a next encounter (t e ) was calculated on the basis of the encounter radius (d e ) and the encounter probability depending on Daphnia density (n d /v) and the body length (D L ) of a Daphnia that is randomly chosen from the population. In order to account for the light regime affecting foraging of backswimmers the encounter distance was multiplied by a factor of 0.66 for modeling dark conditions.
Internal handling of food. The concept of a two-compartment gut was applied to model the backswimmers' intake and internal handling of food. The first compartment, referred to as crop, filled at a faster rate than it emptied into the second compartment, i.e. the gut. Since notonectids feed by way of meals rather than continuously, the crop was assumed to serve as a storage having a maximum capacity. While externally handling prey and during the intercatch interval, i.e. the time from releasing prey carcass until capture of next prey item, food left the crop and entered the gut. Correspondingly, the actual content of the crop (GF content ) was calculated from the intake of food and the passage rate. The crop capacity (GF max ) was assumed to increase with the cubed backswimmer body length (N L ), with gf being a proportionality factor of the crop. Gut clearance was likewise processed: The gut received food from the crop and after passing the gut the food was finally discharged. The gut content (G content ) was assumed to be limited by a maximum capacity (G max ) which was also proportional to the cubed backswimmer body length.
While the crop was considered a single compartment, the gut was modeled in the sense of a plug-flow reactor. For computing the sequence of food passage the gut was divided into segments. Each gut segment (Gs) had a uniform size and the content was assumed to be well mixed, while the composition of the segments might differ in the axial direction of the gut.
However, any digestive activity was not included in a first approximation. The calculation of gut segment depletion was based on a maximum and a minimum clearance rate, k max and k min respectively. The change of gut content was assumed to be proportional to Notonecta squared body length. The number of segments (Gs n ) was herein set to maximum gut residence time
[h], independent of the real number of body segments. The capacity of each segment (Gs max ) was given by the ratio of G max and Gs n . Starting at the posterior segment, the clearance rate of the crop and the actual gut, i.e. the amount of food moving from Gs(j) to Gs(j-1), was based on the actual passage rate (k j ). Within the model, the most posterior gut segment (j = 1) was assumed to release digested food with the minimum gut clearance rate. Hence, k min was limiting the process of gut passage in the case of a filled gut. The content of each gut segment was calculated for a certain period of time (t). Where t represented either the time until next encounter, the handling time or the length of the digestive pause (see below). Since the model did proceed on the base of seconds, changes in gut content were calculated for t = 1
[s]. Based on the time until encounter and the actual passage rates, the actual gut content (G2 content = ∑ Gs content ) was calculated, which was in turn used to determine the attack rate.
The length of the inter-catch interval and the actual passage rate also determined how empty the crop was at the beginning of the next meal. This did control the amount of food that can be ingested and thus regulated the handling time. These processes are described in more detail below.
Attack rate. The attack rate is defined here as the ratio of the number of attacks and the number of encounters between predator and prey. The attack rate of Notonecta instars was implemented as a hump-shaped function of Daphnia body length. Moreover, the attack rate was assumed to be an exponentially decreasing function of the gut content, relative to the maximum capacity of the gut. The minimum attack rate was considered to be the mean attack rate at full gut, whereas the maximum attack rate was the mean attack rate at empty gut. The slope of the exponential equation was supposed to depend on a certain area of the gut that might be responsible for feelings of satiation or hunger and thus evoking attacks. This area was assumed to be proportional to Notonecta squared length.
Success rate. For each notonectid instar, the success rate was computed as a function of Daphnia body length. Attacks of small backswimmers were more successful in small prey while larger prey was not caught when attacked or was able to escape after capture in most cases. Large Notonecta instars often failed to grasp small prey but are successful in attacking larger daphnids. Therefore, the success rate of instars N1, N2 and N5 was determined by a sigmoid regression. As third and fourth instars juveniles are most successful in attacking intermediate sized Daphnia, the success rate was described here by means of a lognormal function.
Handling time. The time between grasping a prey item and releasing the prey carcass was calculated as handling time. Handling time was computed as a function of Daphnia body length, Notonecta instar and filling of the crop. The cumulative weight of food extracted during the time spent on feeding was described by means of a decelerating exponential function depending on prey size. To calculate the handling time, it was assumed that the time a backswimmer spends on handling a single daphnid will be determined either by the amount of space in the crop at feeding start or by the maximum extractable food (D ex ) per prey item.
Digestive pause.
A digestive pause (t dp ) was calculated in case the backswimmer's crop becomes packed (GF content = GF max ). As it can be expected that digestion time decreases with animal body mass it was assumed here that the length of digestive pauses is negatively correlated with Notonecta cubed body length. The frequency of digestive pauses did depend on gut content and thus will emerge from the aforementioned submodels.
Implementation and parameterization
The source code was implemented in an object oriented manner in Delphi® using Borland Digestive pause (t dp ) t dp =P max exp(-p N dw ) 
Process Function Toxicity processes
Internal concentration (C i ) Notonecta parameters A a probability corresponding to preferred prey size Table 4 [-] A b relative range of prey sizes preferentially attacked prey size most successfully attacked Table 4 [mm] S y0 relative minimum success probability Table 4 [-] 
